ABSTRACT. To establish a prediction table of parturition day the real-time B-mode ultrasonographic examinations were performed in the 8 pregnant Malteses and 10 Yorkshire terriers (total pups, 25 and 38 pups, respectively) from 18 days of gestation until the parturition. Ovulation was designated the first day of gestation (day 0). Extra fetal and fetal structures were measured from all conceptues. The parameters that exhibited the best correlation to parturition were used to compile a prediction table of parturition day. To testify the precision of the prediction table of parturition day, the 15 pregnant Malteses (48 pups) and 13 pregnant Yorkshire terriers (42 pups) with unknown mating time were examined using ultrasonography. Inner chorionic cavity diameter on days 18 to 37 and fetal head diameter on day 38 to parturition that showed the best correlation to gestational age were the most pertinent to the estimation of gestational age and the prediction of parturition day. The two parameters were used to compile a prediction table of parturition with averaged regression equations. In verificational examinations, with the exception of 1 Yorkshire terrier (3.6%) having 1 fetus, 18 of 28 bitches (64.3%) delivered exactly on the date predicted and 9 of 28 bitches (32.1%) delivered within 1 day of the date predicted. Therefore, the prediction table of parturition day seems to be a useful tool of the prediction of parturition day in practice. KEY WORDS: canine, gestational age, prediction table of parturition day, ultrasonography.
The ability to determine gestational age and predict of parturition day would be an immense value in maintaining of normal pregnancy and in the assessment of fetal viability in case of threatened abortion or prolonged gestation [3, 11, 13] . Ultrasonography is a useful imaging modality for the estimation of gestational age and the prediction of parturition day as well as the complete reproductive assessment in several species [1, 5, 6, 9, 12] . Still more, a large number of congenital defects occur in the bitch, so their recognition is important to prevent potential dystocia [3] . In veterinary medicine, the estimation of gestational age based on anatomic appearance and the prediction of parturition day by ultrasonographic examination are partially characterized. England et al. [4] made assessments of the diameter of pregnancy structures in pregnant bitches. And Yeager et al. [15] made similar estimates of fetal size during pregnancy and found that the best correlation was between fetal head diameter and gestational age. Recently, Kim et al. [9] compiled the prediction table of parturition day in Korea Jin-do bitches. In the small pet dogs, no report has been published on the prediction table of parturition day.
The present study was designed to establish an accurate prediction table of parturition day based on measurements of gestational structures using ultrasonography in Maltese and Yorkshire terrier and to testify the precision of the prediction table of parturition day using additional pregnant bitches with unknown mating time.
MATERIALS AND METHODS

Tabulation of the predicted parturition day (basic experiments):
The 8 pregnant Malteses and 10 pregnant Yorkshire terriers (total pups, 25 and 38 pups, respectively) were examined. The bitches weighed 3.12 to 3.5 and 1.7 to 3.6 kg at estrus, respectively. They were mated at estrus according to results of vaginal cytological evaluation.
Plasma progesterone concentrations were determined in duplicate with a commercial progesterone kit (Progesterone Coat-A-count, Diagnostic Products Corporation, Los angeles, CA) by Gamma counter (EG & G Wallace, Finland), as described by Kang et al. [7] . The intra-and inter-assay coefficients of variation were 5.1% and 8.2%, respectively. Ovulation was estimated to occur when plasma progesterone concentration first increased above 4.0 ng/ml, as described by Kim et al. [8] and Wallace et al. [16] . And ovulation was designated the first day of gestation (day 0).
Serial ultrasonographic examinations were performed daily from 15 days of gestation until parturition. All bitches were examined using real-time B-mode ultrasonography in dorsal recumbency. Ultrasonographic examinations were performed using Sonoace 4800 HD (Medison Co., Korea) with a 3.5, 6.5 or 7.5 MHz transducer. Measurements were undertaken from all conceptuses. All diameters were described in millimeters.
Extra fetal structures were examined according to following methods: Outer uterine diameter was measured outer diameters of the uterine horn at implantation sites. It was calculated to be the mean value of the dorsal-to-ventral and medial-to-lateral diameters. Inner diameter of chorionic cavity was measured at the location of the zonary placenta once it was detectable. It was calculated to be the mean value of the dorsal-to-ventral and medial-to-lateral diameters. Length of chorionic cavity or zonary placenta was measured until zonary placenta was recognizable, after that time, length of zonary placenta was measured.
Fetal structures were examined according to following methods: Fetal head diameter was measured as the largest cross-sectional diameter of the head or the biparietal diameter when this structure was well identified in longitudinal section. The image quality was initially assessed by symmetry of the section and later in pregnancy by the central location of an echogenic line produced by the falx cerebri in the fetal head. Fetal body diameter was measured as the largest cross-sectional diameter of the body of the fetus at the level of the liver and stomach in the thoracic region when these could be identified. Fetal crown-rump length was measured the distance from the skull to the caudal edge to the perineum.
Statistical analysis: All of the measurements were explored with regression analysis by Pearson's correlation procedure of SAS. An averaged regression equations derived from parameters chosen that exhibited the best correlation to parturition were used to compile a prediction table of parturition. A Pearson's p value <0.05 was considered significant.
Verificational experiment: To testify to precision of the table of the prediction of parturition day obtained in basic experiments, the 15 pregnant Malteses (48 pups) and 13 pregnant Yorkshire terriers (42 pups) with unknown mating time were examined using ultrasonography by the method previously described. Inner chorionic cavity diameter was measured before fetal skeleton was visualized and fetal head diameter was measured after fetal skeleton was visualized. These results were applied to the prediction table of parturition day and compared with actual parturition day.
RESULTS
Tabulation of the predicted parturition day (basic experiment):
The gestation lengths timed from the day of ovulation were 63.2 ± 0.8 days (mean ± S.D., range, 62-64 days) and 63.4 ± 0.5 days (63-64 days) in Maltese and Yorkshire terrier, respectively.
To examine of the development of extra-fetal structures relative to gestational age, the growth of extra-fetal structures such as outer uterine diameter, inner chorionic cavity diameter and length of chorionic cavity or zonary placenta diameter were measured daily after day 18 and the results were presented in Fig. 1 and Fig. 2 . The correlations between the each parameters and gestational age during gestation were expressed by the coefficients of correlation ( Table 1) .
As shown in Table 1 , the regressions of outer uterine diameter and inner chorionic cavity diameter were significantly and linearly relative to gestational age, whereas the regression of zonary placenta length was not significantly relative to gestational age compared with those of the other extra-fetal structures. Of the extra-fetal structures, inner chorionic cavity diameter showed the best correlation to gestational age before day 37 of gestation.
To examine of the development of fetal structures relative to gestational age, we measured the growth of fetal structures such as fetal head diameter, fetal body diameter and fetal crown-rump length daily after these structures could be identified, and the results were in Fig. 1 and Fig. 2 . The correlations between the each parameters and gestational age were expressed by the coefficients of correlation ( Table 2) . As shown in Table 2 , the regressions of fetal head diameter and fetal body diameter each were significantly and linearly relative to gestational age, but the regression of fetal crown-rump length was not significantly relative to gestational age compared with those of the other fetal structures. Of the fetal structures, fetal head diameter showed the best correlation to gestational age on days 38 to parturition.
Inner chorionic cavity diameter on day 18 to 37 and fetal head diameter on day 38 to parturition which were generated the best correlation to gestational age were used to compile a prediction table of parturition with averaged regression equations (Tables 3, 4) .
Verificational experiment: The 15 pregnant Malteses (48 pups) and 13 pregnant Yorkshire terriers (42 pups) with unknown mating time were examined to assess an accuracy of the table of prediction of parturition day obtained in basic experiments. And these results were applied to the prediction table of parturition day and compared with actual parturition day. The results were presented in Table 5 .
Based on inner chorionic cavity diameter, 6 of 8 Malteses (75.0%) and 5 of 6 Yorkshire terriers (83.3%) delivered exactly on the date predicted and the others of two breeds of dog delivered within 1 day of the date predicted. Based on fetal head diameter, with the exception of 1 Yorkshire terrier (Bitch No. 28) having only one fetus, 4 of 7 Malteses (57.1%) and 3 of 6 Yorkshire terriers (50.0%) delivered exactly on the date predicted and the remainder of two breeds of dog delivered within 1 day of the date predicted. In 1 Yorkshire terrier having only one fetus, the actual parturition day was consistent with the predicted parturition day made on basis of measurement of head diameter on 23 days prepartum and it was two days later than the predicted parturition day made on basis of measurement of head diameter on 7 days prepartum.
With the exception of 1 Yorkshire terrier (3.6%) having 1 fetus, that is, 18 of 28 bitches (64.3%) delivered exactly on the date predicted and 9 of 28 bitches (32.1%) delivered within 1 day of the date predicted.
DISCUSSION
The results of this study revealed that the regressions of outer uterine diameter and inner chorionic cavity diameter were significantly and linearly related to gestational age, whereas the regression of length of zonary placenta was not significantly related to gestational age compared with those of other extra-fetal structures. These results contradict the work of Yeager et al. [15] , who suggested there was significant linear correlation between gestational age and all extra-fetal structures. Of the above structures, inner chorionic cavity diameter was easier to measure than the other extra-fetal structures because it was seen distinctly as anechoic, round structures with an overt bounds that produced characteristic bright specular echoes and it showed the best correlation to gestational age before day 37. After day 38, the uterus was converted, irregular shape in the cross-section, and grew slowly. The relatively volume of fetal fluid decreased compared with the size of fetus, and the fetus was closely associated with the wall of chorionic cavity. For this reason, above structures were difficult to measure after day 38. Therefore, inner chorionic cavity diameter on day 18 to 37 was the most pertinent to the estimation of gestational age and the prediction of parturition, as in previous reports [12, 15] .
Of fetal structures, fetal head diameter and fetal body diameter increased at an almost fixed rate and the regression was significantly and linearly related to gestational age on day 38 to parturition, as in the previous studies [4, 10, 15] . Fetal crown-rump length increased at linear rate on days 35 to 49, but the regression of fetal crown-rump length was not significantly relative to gestational age compared with those of other fetal structures. After day 28 when fetal head could be identified, fetal head diameter was possible to measure, but the reliable measurement of fetal head diameter on days 28 to 37 was disturbed because ossification of the skeleton was defective and allantoic membrane was closely associated with fetus. This finding was similar to the report of Beck et al. [2] . Also, it was also difficult to measure fetal body diameter accurately on days 28 to 37 due to a close-by allantoic membrane with fetus and an appropriate scan plan was difficult to acquire because fetal body was just beginning to develop as fetus head was. After day 38, fetal head diameter was easier to measure than the other fetal structures because an accurate scan plane of this structure was easy to obtain as ossification of the skeleton proceeded, whereas an accurate scan plan of fetal body diameter was difficult to obtain as fetus grew because the fetus was close to the wall of chorionic cavity, and so fetal body was difficult to differentiate from the wall of chorionic cavity. And it was consistent with the report of Son et al. [12] . For the reason previously mentioned, fetal head diameter on day 38 to parturition that showed the best correlation to gestational age was the most pertinent to the estimation of gestational age and the prediction of parturition, as in the previous studies [12, 15] . The coefficients of correlation of inner chorionic cavity diameter before day 37 and fetal head diameter after day 38 were scrutinized at intervals of 6 days in two breeds. Inner chorionic cavity diameter from days 20 to 25 and fetal head diameter from days 38 to 43 generated the best correlation to gestational age and these data suggested that an estimation of gestational age and a prediction of parturition are more accurate in this period. It was similar to the previous findings of Yeager and Concannon [14] , who suggested that the estimation of the length of gestation is probably more accurate during the second trimester, because at this stage, the breed of dog and the number of fetuses in the litter have less influence on pregnancy size than in the third trimester.
In verificational examinations, with the exception of 1 Yorkshire terrier (3.6%) having 1 fetus, 18 of 28 bitches (64.3%) delivered exactly on the date predicted and 9 of 28 bitches (32.1%) delivered within 1 day of the date predicted.
These results were similar to those in the studies by Kim et al. [9] and Beck et al. [2] . By way of exception, in 1 Yorkshire terrier having only 1 fetus, the actual parturition day was consistent with the predicted parturition day made on basis of measurement of head diameter on 23 days prepartum and it was two days later than the predicted parturition day made on basis of measurement of head diameter on 7 days prepartum. These confirm the above-cited report by Yeager and Concannon [14] .
The above facts verify that inner chorionic cavity diameter before 37 day and fetal head diameter from 38 day to parturition are valuable parameters for the prediction of parturition day in the bitch. And the prediction table of par- 
